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A search for Y-rays preceding isomeric fission'in-the reaction

U a,an 21‘omPu yielded negative results. Upper llmlts are given for the

number of unconverted photons per isomer formed.

fhe phenomenon of isomeric states decaying by f1551on was first d1s—
covered by Polikanov [l] It was first suggested by Strutlnsky [2], and is
now generally accepted [(3,k] that nuclei exhibiting fission isomerism undergo
f1s51on after belng trapped-briefly in a secondary minimum in the potential-

energy surface. A probable [4] mechanlsm by which f1s31on1ng isomeric states

could be populated 1nvolves Y decay in the second potentlal well after evapor-

ation of neutrons from the compound nucleus.
In our search for Y-rays precedlng delayed fission we chose to study

the reaction 238 (u 2n Phom?u. This reaction has a relatively high ratio of

- isomeric to~prompt fission [4] (4.4 x 107 at E, =25 MeV). With a half—life [h]
ofv3 8 * 0 3 nsec the isomer decay can be observed between bursts of the 25-MeV

o beam at the 88-inch cyclotron.

,A,tafget consisting of 0.6 mg/cm2 U0, on a 0.2 mg/cmg carbon foil was

mounted at 45° to the beam. Fission fragments were detected by a hSO—mmg‘
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surface barrier Si detector on one side of the target, at about 100° to the
beam. The target was vieWed on the opposite side through a thin Al window by

a 5—cm3,Ge(Li) Y-ray detector. Both detectors were placed close to the tar-

i

get to makimize geohetric efficiencies.
The errival time of the beam burstvwas deriVed ficmvthe Zero-cross-— %

over point_oﬁ the cyclotron rf'ioltage. A bielevel_time pickoff system Was.

used ﬁith the Si detector: _The lower threshold provided fast timing of‘the

fission events, while the upper threshold rejected the ﬁore abundantzpulses

from scatterea o particies; Gamma-ray timing was obfained from a leading-edge

discriminator oﬂ the preamplifier output. The time delays between the beam

burst and a flSSlon event, TBf’ and between a y-ray and a fission event, T&

were measured;:as well as Ey' Basellne stabilization of the T signal cor-

Bf

rected for any rf phese drift [5] during long runs. The TYf signal was com-

pensated [6] for energy dependence of the Yy timing.

Mest of the width of the Tpp cufve (rig. 1):is due to the time struc—
ture of the beam burst. This width does not permit complete separation of .
delayed from prompt fission. However, it was possible to set a window on‘the
TBf signal, as shown in fig. 1, such that about 17% of the events in the.wiﬁ¥
dow should bevdue to the isomer. This amounts to an enhancement of L x ib3
relative fo'the overall isomer/prompt ratio.

The two perameters EY and Tyf were stered serially on magnetic tape

tor every fissioﬁ—y coincidence event that also fell within the TBf window.

&~

One out of every 100 events falling outside the windowvwas also stored; marker g;_

flags distinguis hed these events from those gated by the TBf window A total

oi 5 x 108 fisSlon events were counted during the 36-hour measurement The

.
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results are shown in fig. 2. The plotted points correspond to events for which
Tﬁf fell w1th1n the delayed fission window, while the solid curve, normalized
to the p01nts near the peak was obtalned with no restrlctions on TBf The

excess of Y—delayed fiss10n c01nc1dences, evident from the rlght-hand portion

of flg 2, totals 57 8 counts. These counts cannot be related to the time

structure of the beam bursts (because the timing of - true fission-y coinci-
dence is independent of the beam time structure) but may be ascribed to one
or more of the follow1ng'effects: |

(1) Gamma rays emitted in the'fbrmation of .the él8—nsec isomer.

(2) Chance c01nc1dences between (apparently) delayed fiSSion fragments
and prompt y rays emitted during the same beam burst by another nucleus.

7 :(3)' Tailing in the time-responsevcurve of the fission detector.

At the observed counting rates we would expect h7 lé chance coinci-
dences between prompt-y—rays and those fission events occurring within the
Top window. The validity of ‘this estlmate for effect (2) was checked in a
separate experiment, in which f1$Slon fragments were counted in chance 001n-

cidéence with prompt Y—rays from the preceding beam burst. Thus chance coin-

cidences aloéne can account for the observed excess of fissions delayed with

»respect to the.y—rays; an upper limit of 36 counts can be ascribed to the ef-

fect (1) we haﬁe sought to.observe. Since chance coincidencesvalone can
account for the data, the_spuriousveffect (3) due to tailing in the fission
detector.time-response curve is apparently small. We have attempted to check
tth conclusion by repeating the experiment with the" 232 Th + 25-MeV a reaction,
which produces no known fission isomer. However, an increased chance coinci-
dence rate,.due to:a‘poorer time structureiof the beam,:makes these results

inconclusive.
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In summary, our results give no definite eyidence for Yéraysvfeediné
isomeric-fissionw If the isomeric state is 2.6 MeV above the 2hoPu ground
state (47, the maximum energy available for Y decay would be 5.4 MeV From
the gross y detection efficiency (photopeak plus Compton), we conclude thatu
an average of < 2 y-ray photons precede isomeric flSSlon ot ?hOPu. - 4'

The energy spectrum of prompt Y—rays c01nc1dent w1th (apparently)
delayed f1$Slon reveals no discrete lines. Table 1 glves llmlts on pos51ble
discrete photon tran51t10ns as a function of energy The low 1nten51ty in
the Pu K x-ray region (100 keV) 1nd1cates that the isomeric state is not pop—
ulated by tran81t10ns that are strongly K—converted The present results do
not contradlct the recent report [7] of ‘the observataon of rotational transl—

tions in the second well, since these transitions are - strongly L-converted,

but are of too low an‘energy to convert in the K shell;
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'S to A bhlhab—Eldln J. B. W1lhe1my and R. C. Jared for help in making the
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‘Table 1. Limits on the intensities of possible discrete
photon transitions preceding delayed fission.

—— — ——————
— et et

B, (keV) | | ’Max?mu@ Y's
per f1551on isomer
50 - 120 R 0.0
ws o3
- 250 S 0.5
300 . : 0.7
1400 1.0
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FIGURE CAPTIONS

‘Fig. 1. Time distribution of fission relative to beam bursts. The dashed
line indicates isomer activity calculated for a 3.8-nsec half-life with
overall isomer/prompt-fission ratio of L.4 x 10-5{

Fig. 2. Time distribution of'fission relative to y-rays for all Y energies

above 25 keV. The plotted points correspond to events for which TBf

falls within the delayed fission window (fig. 1). The solid curve, ob-
tained with no restrictions on TBf’ is normalized to the points in the.

vicinity_df the peak.
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